The aim of these experiments was to determine whether the presence of a dominant follicle affects the developmental competence of oocytes from small antral follicles of cattle. In Expt 1, oocytes or follicular fluid samples were collected from follicles 2\p=n-\7mm in diameter before (day 3 of the oestrous cycle; n = 4) or after (days 6 and 7 of the oestrous cycle; n = 6) emergence of the first wave dominant follicle (verified by rectal ultrasonography). Five to ten follicles were aspirated for the determination of individual follicular fluid concentrations of oestradiol, progesterone, testosterone and dimeric inhibin; oocytes from the remaining follicles from each cow were pooled and developmental capacity assessed by in vitro fertilization and maturation. In Expt 2, ovaries containing a young corpus luteum and with or without a large oestrogen-active follicle were collected from the abattoir. Follicular aspirates from small follicles in each pair of ovaries were pooled, and oocyte quality and steroid concentrations were determined. In Expt 1, small follicles obtained before emergence of the dominant follicle contained significantly more oestradiol than they did after emergence (19.5 \ m=+-\ 1.5 versus 0.7 \ m=+-\ 1.1 ng ml \ m=-\ 1, respectively; P < 0.05), but there were no significant differences in concentrations of progesterone, testosterone or dimeric inhibin.
Introduction
The production of embryos by in vitro maturation, fertilization and culture of oocytes aspirated directly from ovarian follicles is performed for therapeutic reasons in humans, for production purposes in domestic animals, and for experimental research in laboratory mammals. In cattle, ovaries obtained from the abattoir constitute an economical source of oocytes, although the quality of these oocytes is highly variable (review by Brackett and Zuelke, 1993) . The use of defined morphological criteria in the selection of cumulus-oocyte complexes has led to limited improvement in the identification of the oocytes that will succeed in in vitro fertilization (IVF) (DeLoos et al, 1989) .
It is possible that the intrafollicular environment to which oocytes are exposed is a major cause of the variability in developmental competence of the oocytes (Caliesen et al, 1986 ).
Healthy large antral follicles in cattle are characterized by high intrafollicular oestradiol concentrations, whereas atretic follicles contain higher progesterone or androgen concen¬ trations (Ireland and Roche, 1983; Grimes et al, 1987; Spicer et al, 1987) and higher concentrations of dimeric inhibin (Guilbault et al, 1993; Hopko Ireland et al, 1994) . However, most oocytes used in IVF are aspirated from small antral follicles (2-7 mm), and although it is known that morpho¬ logically degenerated follicles contain lower oestradiol concen¬ trations than do non-degenerated follicles (Kruip and Dieleman, 1982) , less is known about the effect of stage of cycle on the health of small follicles. Small follicles obtained during the early luteal phase (days 1-8) contain less testosterone than do follicles obtained during the late luteal phase (days 9-17), although intrafollicular concentrations of oestradiol and pro¬ gesterone do not differ (Kruip and Dieleman, 1985) . However, Spicer and Zinn (1987) found that small and medium follicles contained higher oestradiol concentrations in the early (days 1-10) compared with the late (days 11-17) luteal phase. These studies imply that small follicles in the midluteal phase are more likely to be atretic than are those present in the early luteal phase.
The atresia of small follicles is thought to be related to the presence of the large dominant follicle. The development of a dominant follicle is closely associated with the regression of subordinate follicles, and new growth of small follicles occurs only once the large dominant follicle has ceased growing (Savio et al, 1988; Sirois and Fortune, 1988) . Gonadotrophin treatment for superovulation recruits small follicles (<6 mm), and evidence has been presented that the presence of a dominant follicle decreases ovulation rate and the number of transferable embryos (Guilbault et al, 1991; Bungartz and Niemann, 1994) . The presence of a dominant follicle may therefore indicate a cohort of atretic small follicles, which may not be appropriate for commercial oocyte collection.
The aim of the present study was to test the hypothesis that the presence of a dominant follicle decreases the developmental capacity of oocytes from small follicles, and that this decrease is accompanied by increased hormonal signs of atresia.
Materials and Methods

Experiment 1
Animals. Ten crossbred Holstein Friesian heifers, 18 months old, were housed indoors at the Centre's farm in St-Hyacinthe, Quebec (latitude 45°30'N), and were maintained under standard husbandry conditions. Oestrus detection was conducted daily to verify that the animals were displaying regular oestrous cycles before the start of the experiment, which took place in June.
Oestrous cycles were synchronized with two injections of prostaglandin F2ll (500 mg Estrumate; Coopers Agropharm Inc., Ajax, Ontario) given 13 days apart. Follicle development was monitored with ultrasonography (Tokyo Keiki Co., Tokyo; 5 MHz probe) twice a day, starting several days before the second prostaglandin injection. Heifers were then slaughtered during the first follicular wave, before (day 3 of the oestrous cycle; Group 1; = 4) or after (days 6 and 7 of the oestrous cycle; Group 2; = 6) a single follicle was distinguished by ultrasound that exceeded the diameter of other follicles (the dominant follicle). The pattern of follicle growth at this time has been well described (Savio et al, 1988; Sirois and Fortune, 1988; Guilbault et al, 1993) .
Immediately after slaughter, the ovaries were removed and transported at 30-35°C to the laboratory. Five to ten small follicles (2-7 mm in diameter) were aspirated individually from both ovaries of each cow at random. The follicular fluids were centrifuged at 1000 g for 5 min to remove cell debris, and were then frozen at -20°C until hormone assay. Follicular aspirates from the remaining small follicles (approximately 10-20 folli¬ cles) from each cow were pooled for the collection of oocytes.
Oocyte maturation and fertilization. The sediment from the follicular fluid pools was removed with a Pasteur pipette into a Petri dish and cumulus-oocyte complexes were collected and washed in Hepes-buffered M199 (Gibco BRL Canada, Burlington, Ontario) with 10% fetal calf serum (FCS) (Gibco). Complexes with a complete cumulus cover were placed into 50 µ drops of bicarbonate-buffered M199 (Gibco) supple¬ mented with 10% FCS, 5 µg LH ml~ï (APL, Ayerst, Montreal), 0.5 µg FSH ml~( Folltropin-V: Vetrepharm, London, Ontario) and 1 µg oestradiol ml~: (Sigma Chemical Co., St Louis, MO) and matured at 39°C and in 5% C02 in air for 24 h. After maturation, oocytes were washed and fertilized in modified Tyrode's medium, following the protocol described by Parrish et al (1986) . In brief, oocytes were transferred to TALP medium containing 10 mg heparin ml~J and incubated with 10 frozen-thawed spermatozoa ml~. The spermatozoa used in both experiments were from the same bull.
Embryo culture and evaluation. After co-incubation of the spermatozoa and oocytes for 18 h, presumptive zygotes were placed in culture in Ménézo's B2 medium (bioMérieux sa, Paris) supplemented with 10% oestrous cow serum in the presence of approximately 20 'clumps' of bovine oviductal epithelial cells (Xu et al, 1992) . The culture medium was replenished every 2 days, and the stage of development was assessed by counting the number of cleavage and eight-cell embryos after 2 days, and the number of blastocysts after 7 days of culture. Embryos that had developed a blastocoel with an inner cell mass were classified as blastocysts. Blastocysts were fixed and stained to count nuclei using a technique described by Pursel et al (1985) . Briefly, blastocysts were placed on a glass slide, counterstained with trypan blue, stained with Hoechst 33342, and embedded between the slide and coverslip in Permount (Sigma) and then examined by fluorescence microscopy.
Experiment 2
Pairs of ovaries were collected from a local abattoir during winter, and transported to the laboratory at 30-35°C. Ovaries were selected that were judged to be in the early luteal phase of the cycle, as determined by the appearance of the corpus luteum (Ireland et al, 1980) , and were subdivided into those with, and those without, a follicle greater than 8 mm in diameter. Follicular fluid from the large follicle was aspirated for steroid assay, and ovaries were included in the analysis only if the large follicle was judged to be dominant (oestradiol: progesterone ratio greater than 1; Price et al, 1995a). All small follicles from each pair of ovaries were aspirated; the fluid was pooled and complete cumulus-oocyte complexes were removed. The remaining fluid was frozen for hormone assay.
Oocyte maturation and fertilization, and embryo culture were performed as described for Expt 1 above, except that approxi¬ mately twice the number of bovine oviductal epithelial cells were added per culture (50 'clumps' per drop; Xu et al, 1992) .
Hormone assays
Fluid samples obtained from individual small follicles (Expt 1) or fluid pools (Expt 2) were diluted 1:100 in assay buffer, and (Bélanger et al, 1990) , and 50 µ aliquots were assayed for progesterone (Lafrance and Goff, 1985) and testosterone (Price, 1994) . The progesterone assay was modified by the use of an iodinated tracer (Amersham Canada, Oakville, Ontario), and separation of free and bound fractions by second antibody precipitation. All samples for each steroid within an experiment were run in single assays. The oestra¬ diol assay had an intra-assay coefficient of variation (CV) of 9.4% and a sensitivity equivalent to 0.5 ng ml~. The sensitivity of the progesterone assay was equivalent to 2 ng ml-1, and the intra-assay CV was 5.4%. The testosterone assay had a detection limit equivalent to 6 ng ml~, and an intra-assay CV of 9.1%.
Concentrations of dimeric inhibin were determined in dilu¬ tions of 1:1000 and 1:2000 of follicular fluid, by sandwich ELISA as described by Price et al (1995 b) . The standard was recombinant human 32 kDa inhibin (generously supplied by Genentech, S. San Francisco, CA). The reaction signal was amplified using a commercially available kit (ELISA Amplifica¬ tion System: Gibco BRL Canada). The sensitivity of the assay was equivalent to 5 ng ml~1 follicular fluid. All samples were run in five plates, with intra-and interassay CVs of 4 and 10%, respectively.
Statistical analysis
Numbers of oocytes recovered, and embryos cleaving and developing to eight-cell and blastocyst stages, and steroid hormone concentrations did not follow a normal distribution and were therefore log-transformed before analysis. The percentage of cultured embryos reaching defined develop¬ mental stages were transformed to arcsines for analysis, but are presented as percentages for clarity. Binomial data were analysed by 2 test. Data were analysed by ANOVA (with repeated measures for hormone data in Expt 1), and means are presented as least squares means ± sem. Compari¬ son of means was performed with the Tukey-Kramer HSD test, and linear correlations between variables were tested with the Pearson correlation coefficient (SAS Institute Inc., Cary, NC). 
Results
Experiment 1
The mean numbers of oocytes collected, embryos cleaving and developing to eight-cell and blastocyst stages are shown (Table 1 ). The mean number of oocytes recovered from Group 1 were approximately double that in Group 2, although the difference did not reach statistical significance (P = 0.08). Forty-eight hours after in vitro fertilization, signifi¬ cantly fewer cleavage stage embryos were obtained from oocytes recovered after the emergence of the dominant follicle (P < 0.05). The percentage of oocytes that cleaved, and developed to eight-cell and blastocyst stages are also shown (Table 1 ). No differences were detected between groups. There was a marked tendency for an increased number of nuclei in Group 1 compared with Group 2 blastocysts (86.9 ± 9.3 versus 50.5 + 9.7; =0.06), and the proportion of cows producing at least one blastocyst was significantly higher before compared with after emergence of the dominant follicle (4 of 4 versus 2 of 6 cows; P< 0.05). The mean number of follicles used for hormone assay was 7.5 ± 1.1 and 6.2 ± 0.9 follicles per cow, in Groups 1 and 2, respectively (P > 0.05). Concentrations of oestradiol in the follicular fluid were significantly higher in follicles recovered before compared with after the emergence of the dominant follicle (P < 0.001; Fig. 1 ). There was no effect of group on mean testosterone, progesterone or dimeric inhibin concen¬ trations (P > 0.05; Fig. 1 ). Follicular hormone concentrations were not correlated with oocyte developmental competence.
Experiment 2
The mean number of oocytes collected, and the percentage of these oocytes progressing to cleavage, eight-cell and blastocyst stages are shown (Table 2 ). There were no signifi¬ cant differences between groups for numbers of oocytes recovered, or for developmental capacity.
Concentrations of oestradiol, testosterone and progesterone in follicular fluid of the dominant follicles, and pooled fluid from small follicles in the presence or absence of a dominant follicle are given (Fig. 2 ). Oestradiol concentrations were significantly higher in large dominant follicles than in small follicles (P < 0.001). Testosterone concentrations in large fol¬ licles were lower than those in small follicles in the presence (P < 0.01) but not in the absence of a dominant follicle (P > 0.05). Progesterone concentrations were not different across follicle groups (P > 0.05).
Irrespective of the presence of a dominant follicle, there were significant negative correlations between the concentration of oestradiol in follicular fluid and the percentage of oocytes that formed blastocysts, the percentage of cleaved oocytes that formed eight-cell embryos, and the percentage of cleaved oocytes that formed blastocysts (Fig. 3 developmental competence of oocytes was not significantly affected by the presence or absence of a dominant follicle.
In the first study, small follicles were compared before and after emergence of the large dominant follicle of the first follicular wave. It was expected that after emergence of the dominant follicle, the small subordinate follicles would show signs of atresia. Atresia was observed, as significantly lower concentrations of oestradiol were measured in subordinate small follicles compared with growing small follicles, in agree¬ ment with data from large follicles, although at variance with data obtained by Kruip and Dieleman (1985) from follicles of similar size to those studied in the present experiment.
Despite the difference in oestradiol and the presence or absence of a dominant follicle, there were no differences in the developmental capacity of the oocytes. The concentrations of dimeric inhibin presented in this study are markedly lower than those previously reported in bovine follicles. Large, non-atretic follicles were reported to contain 0.5-2.5 µg ml" l (Guilbault et al, 1993) or 1-4 µg ml " 1 (Price et al, 1995a), based on purified bovine 32 kDa dimeric inhibin standards. The present assay used recombinant human 32 kDa dimeric inhibin as standard, which is approximately 100 times more potent in the assay (Price et al, 1995a) . On the basis of these figures, the present values of 20-30 ng recombinant human inhibin ml~would be equivalent to 2-3 µg purified bovine inhibin ml-, which is in agreement with previous reports. The present data also indicate that inhibin concen¬ trations in the fluid of small subordinate follicles were not affected by the presence of a dominant follicle, and were therefore not measured in Expt 2.
The total number of cumulus-oocyte complexes obtained before emergence of the dominant follicle was higher than after emergence, as predicted by the growth pattern of the first follicle wave (Savio et al, 1988; Sirois and Fortune, 1988) .
Owing in part to the large variation within and between Downloaded from Bioscientifica.com at 12/13/2018 03:25:53AM via free access animals, only the number of cleaved embryos was significantly different between groups. The difference in the number of oocytes obtained may also explain why the proportion of cows producing at least one blastocyst was significantly higher before compared with after emergence of the dominant follicle;
if only 11% of recovered oocytes develop to blastocyst stage, there is a high probability that animals with less than 10 oocytes (as was the case after emergence) would not produce blastocysts. These overall data are at variance with those of Stringfellow et al (1993) , who obtained a greater number of oocytes from days 5-13 of the oestrous cycle compared with days 0-3. This latter study may have included a cohort of growing small follicles from the emergence of the second follicle wave in the days 5-13 collection group, and may also have collected oocytes before the emergence of the first wave in the days 0-3 group, thus making the results of the two studies difficult to compare.
One limitation of Expt 1 was the use of different follicles for hormone analysis and for oocyte culture. We attempted to overcome this problem in Expt 2 by pooling follicular contents, removing the oocytes and then recovering the fluid for hormone assay. In this experiment, ovaries from the abattoir were classed as having dominant or nondominant follicles based on the presence of a large ( > 8 mm) follicle that was oestrogen-active. However, there were no significant differ¬ ences in oestradiol concentrations in the fluid of the small follicles, nor in the total numbers of oocytes recovered. This is not easily explained, as ovaries were collected only if they contained a young (Stage 1; Ireland el al, 1980) corpus luteum, and should therefore have been comparable with the early luteal phase follicles in Expt 1. Nevertheless, the data clearly show that oocytes from these follicles were not compromised by the presence of a dominant follicle in the ovaries; this finding is consistent with the results from Expt 1. An interesting observation in Expt 2 was the significant negative correlation between follicular oestradiol concen¬ tration and the percentage of cleaved oocytes that developed to eight-cell and blastocyst stages. This also is difficult to explain, as the data infer that developmental competence increases as follicles become less oestrogenic (that is, more atretic). These data should be viewed with caution, as hormone assays were performed on fluid pools rather than on individual follicles. Moor and Trounson (1977) found that a greater number of oocytes from small atretic sheep follicles reached metaphase II compared with non-atretic follicles after maturation in vivo, although, as in the present study, no overall differences in the rate of blastocyst development were detected. It is possible that the oocytes are under inhibition by a follicular secretion, and that as follicles become atretic the secretion of the inhibitory factor decreases. Alternatively, organelle rearrange¬ ment that occurs in the oocyte during early follicular atresia in small follicles may mimic those occurring in the preovulatory follicle around the time of the LH surge, as suggested by the electron microscopy study of Assey et al (1994) . This re¬ arrangement may confer some developmental advantage during early atresia. Cleavage and blastocyst development rates in Expt 2 were approximately three times higher than in Expt 1. This may have been caused by an increase in the number of bovine oviductal epithelial cells included in the oocyte culture medium, or by the fact that different personnel performed the fertilization/maturation procedures in Expt 2 compared with Expt 1. There may also have been a seasonal effect, as the higher developmental rates were obtained during the winter months; a similar seasonal effect has been observed in this laboratory during other studies (L. C. Smith, unpublished). The difference in developmental rates was large and clearly warrants further investigation.
In summary, the present study shows that the develop¬ mental capacity of oocytes from small follicles is not compro¬ mised by the endocrine milieu of the follicle, nor by the presence of a dominant follicle. These findings suggest that the ovarian status of regularly cyclic animals need not be a concern in the collection of oocytes for the bovine embryo transfer industry.
